Sixteen peanut samples collected from farmers, collectors, retailers and food processors in Banjarnegara District, Central Java were analyzed for their physical quality and A. flavus infection. On average, the moisture content of peanut kernels was 8.8%, while the damaged kernels (46.7%) and A. flavus infection (45.1%) were considerably high. Six, five and five samples were infected by non-toxic (-), slightly toxic (+), and toxic (++) A. flavus, respectively. Infection of A. flavus positively correlated with damaged kernel (r =0.71). This suggests that high damaged kernels and infection of A. flavus need to be decreased through proper handling and storage practices.
INTRODUCTION
The predominant use of peanut production in Indonesia is for foods (92%) [1] , such as sauces for salads, snacks (boiled, fried, roasted, flour coated, pastry fillers, confectionary, traditional snacks) and to a lesser extent for tempe/oncom (fermented defatted peanut) and industrial products, like oil, peanut butter and flour. Therefore, food safety issue becomes essential as peanut is highly susceptible to aflatoxin contamination, which is hazard toward humans and animals. In addition to carcinogenic, teratogenic, and mutagenic capacities, aflatoxin may also cause immuno suppression [2] .
Aflatoxin is a secondary metabolite of Aspergillus flavus, A. parasiticus, and A. nomius [3] , which is favourably produced at 15-30% moisture content of the substrate/media, warm (25) (26) (27) (28) (29) (30) o C) and humid (85% RH) conditions of the surrounding air [4] . Indonesia has established the maximum level for aflatoxin B 1 as low as 15 ppb for peanut food products and 20 ppb for total aflatoxins [5] . However, a number of studies showed that aflatoxin B 1 levels in peanut kernels and products were higher than that of permitted level [6] [7] [8] [9] [10] [11] [12] [13] .
Infection of A. flavus and aflatoxin contamination may occur either in the field or during storage. Post harvest handling, such as harvesting, threshing, drying, as well as methods and conditions of storage would dictate the moisture content and physical quality of peanut kernels, which considerably associates with A. flavus infection [7, 14] . Therefore, post harvest handling at stakeholder levels (farmers, collectors/traders, processors) plays an important role in dictating aflatoxin contamination levels at different points of peanut production and marketing/distribution. Normally, it takes about 40-110 days for peanut marketing from harvesting to consumer [6] . In particular, higher contamination levels were reported for peanut samples obtained from retailers in traditional markets relative to those from farmers and collectors [7, 9, 11, 15] .
Therefore, the moisture content, physical quality, and levels of A. flavus infection in peanut kernels collected from farmers, collectors, retailers, and processors were essential to be studied, particularly in peanut producing area, such as Banjarnegara district. The total peanut production of this distric was about 3,835 tons, which contributed 22% and 5% to Central Java and national production, respectively [16] . In this area, peanut is normally grown in the rainy season in upland and in the beginning of the dry season in rainfed land.
MATERIALS AND METHODS
This study was conducted in Banjarnegara district, Central Java province, Indonesia as a supplement for similar study which was done previously in seven sub-districts, namely
Bawang, Purwonegoro, Banjarnegara, Mandiraja, Purworejo Klampok, Wonodadi, and
Punggelan [15] . About two kg of peanut kernels or dry pods were collected (stock samples) from two farmers in Rakit and Purworejo Klampok sub-districts, two collectors in Mandiraja and Purwanegara sub-districts, 10 local market retailers in Purwanegara, Purworejo Klampok, Rakit, and Bukateja sub-districts and two peanut processors/collectors in Bukateja and Purworejo Klampok sub-districts. Each stock sample was divided three times using a sample divider to obtain 250 g of working sample for analysis and dry peanut pod was shelled prior to analysis. Observations included moisture content using an oven method [17] and physical quality of the kernels (intact, shriveled, and damaged kernels) [18] .
Identification of A. flavus infection level was performed by growing 100 peanut kernels on 10 petridishes containing Aspergillus flavus and parasiticus agar (AFPA). The number of mould infected kernels with orange/dark yellow colour was noted on the fourth day. Meanwhile, the levels of A. flavus toxicity (not toxic, slightly toxic, and toxic) were observed using UV light [19] .
RESULTS AND DISCUSSIONS
Moisture content Table 1 shows that peanut samples collected from farmers, collectors, retailers, and processor had average moisture content about 8.8%, which was higher than that of recommended level (≤ 8%) [18, 20] . Relatively high moisture levels were noted from those samples obtained from retailers and collectors. This was due to opened or uncovered storage practices, particularly observed at retailers in traditional markets. They normally use openedwooden box, bamboo tray/basket, or perforated plastic sack. Under these conditions, peanut kernels tend to absorp more moisture from the surrounding air compared to those stored in air tight-packaging. In addition, this study was done in the beginning of rainy season (October), which usually has high humidity. Peanut kernels as food ingredient used by processors had moisture content >8% (8.3-8.4%) as they also mostly purchase peanut from retailers in local markets and stored using perforated plastic sack for stock (maximum 1 month). Two peanut samples collected from farmers had moisture content around 8.9-9.1%, however this is yet safe for peanut stored in shell [18, 14] as normally practised by farmers.
Previous study in Banjarnegara reported that moisture levels of peanut kernels obtained from farmers varied from 7.2% in Bawang sub-district to 11.9% in Purwanegara sub-district [15] due to different harvesting time (dry and rainy season, respectively). Meanwhile, similar moisture content was observed for peanut kernels collected from retailers that was averagely 8.8%. Dharmaputra et al. [11] also revealed that peanut samples obtained from retailers in
Pati district had mosture content > 8%, suggesting that low or recommeded level of mositure is hardly practiced at retail levels. In fact, this condition can be improved through sufficient drying of peanut kernels and using simple method of air-tight storage, such as sealed plastic bag, plastic or tin box as well as extension to increase their kowledge and awareness on peanut quality and safety.
Physical quality
On average, the percentage of intact kernel was 43.7%, similar to that of damaged kernel (46.1%), while shriveled kernel was 9.6% as presented in Table 1 . According to the national standard quality for peanut kernels, total number of un-intact and damaged kernels is maximum 1%, 6%, and 12% for the first, second, and third quality, respectively [18] . This reflects that peanut samples collected in this study belongs to low quality peanut. Most samples with high percentage of damaged kernels were obtained from retailers, which varied from 26.6% up to 69.9%. Relatively high moisture content and infection of A. flavus (Table 2) , also different source and harvesting time of peanut may contribute to such high damaged kernels. Damaged kernels, which include broken, rotten, infected by mould/insects and degraded colour, have high possibility for aflatoxin contamination as well as for shriveled kernels, which predominantly derive from immature kernels.
Peanut samples collected from one processor showed high damaged kernels (49.4%),
suggesting critical for food safety of the product. Relatively low awareness and profit orientation of processors seem to be the reasons for using low quality and cheap peanut as food ingredient. Previous study in Banjarnegara also reported high number of damaged kernels for samples obtained from retailers (45%) and processors (40.3%), however lower levels (22.5-27%) were noted for those collected from farmers [15] . In this study, one farmer's sample had relatively low damaged kernels (14.2%), however another sample showed much higher value (80.6%). This may due to differences in harvesting time and storage period. The latter farmer sample was harvested from the previous season, hence it has been stored for about 3 months. Ginting et al. [21] reported that peanut kernels (m.c < 7%) stored in perforated plastic bag had damaged kernels about 24.5% after 1-month storage.
A. flavus infection
On average, the level of A. flavus infection was relatively high (45.1%) as presented in Table 2 . Among 16 peanut samples, only four samples had infection levels ≤ 12%, which were recently harvested. These samples were collected from one farmer, two collectors and one collector/processor. While most samples obtained from retailers showed high infection of A. flavus (21-99%) as well as sample collected from one farmer (82%). Longer storage period, high moisture content and percentage of damaged kernels may contribute to high A. flavus infection. Previous study [15] also showed relatively low A. flavus infection for kernels collected from farmers (4.8-5.6%) and processors (5-10%), however it was much higher at retailer levels (65.5%). The longer period from harvest to end-consumer or the longer distance from farmers or central distric market to retailers at sub-distric markets, the higher number of kernels infected by A. flavus and aflatoxin B 1 contamination [15] . Similar findings were also reported for peanut samples collected from traditional markets in Pati and
Wonogiri district [11, 12] . This suggests that uncovered storage methods that are normally practiced by retailers contribute considerably to high infection of A. flavus.
Unfortunately, level of aflatoxin contamination was not measured in this study.
However, previous study in Banjarnegara district noted that 81.8% samples collected from retailers had higher aflatoxin B 1 content (> 15 ppb) relative to those obtained from farmers (>5 -≤15 ppb) [15] . This reflects high possibility of aflatoxin increase during storage at retailers and transportation/distribution.
Present study showed that moisture content did not correlate with the level of A. flavus
infection. This may due to relatively small range of peanut moisture content (7.7-11.3%).
Previous study reported positive correlation between moisture content (4.2-17.6%) and A. flavus infection (r= 0.41) for samples collected from farmers and collectors. Nevertheless, similar correlation was not observed for samples collected from retailers as the moisture content was relatively low (8.8%), but A. flavus infection was high [15] . This suggests that infection might have occurred prior to be supplied to the central/district market where retailers from local/sub-district markets normally purchase peanut kernels. High aflatoxin B 1 contamination (1.7-124 ppb) was also detected on peanut kernels (m.c 8.43%) collected from retailers in Pati district [11] .
However, positive correlation (r = 0.71) was obtained for the number of damaged kernels and A. flavus infection (Fig. 2) , suggesting that damaged kernels were mostly due to infected kernels. Non-air tight storage practices, warm and humid surrounding air conditions are likely favourable for A. flavus growth. Similar finding was also reported from previous study in Banjarnegara district with r = 0.48 [15] and in samples collected from traditional markets in Bogor [7] . Table 2 shows that six peanut samples collected from three retailers, two farmers, and one collector were infected by non-toxic A. flavus, whereas slightly toxic A. flavus was detected on samples derived from three retailers, one collector, and one processor. The toxic A. flavus was identified in samples obtained from four retailers and one processor/collector. 
